Objective: To describe dietary intakes and nutrient adequacy during pregnancy in a sample of Peruvian women. Design: Descriptive, observational prospective study, nested within a double-masked, controlled, zinc-supplementation trial during pregnancy. Setting: Hospital Materno-Infantil 'Cesar Lopez Silva', in Villa El Salvador, an impoverished shantytown in Lima, Peru. Subjects: A subsample of women enrolled in the larger trial. These women all had low-risk singleton pregnancies and were receiving prenatal care at the study hospital. A total of 168 24-h dietary recalls were collected at 10-24 weeks gestation and 120 recalls were collected at 28-30 weeks gestation. Results: Median intakes of protein, riboflavin, niacin, vitamin C and phosphorus met the current US RDA for pregnancy, whereas intakes of thiamin, folate, vitamin A, calcium, iron and zinc were well below the recommendations at both time periods. Dietary intake of energy (mostly from carbohydrates) showed a significant increase from 10-24 to 28-30 weeks gestation, as did intakes of folate and vitamin A. The nutrients with the highest estimated prevalences of inadequacy at both points in pregnancy were iron (93%), zinc (88-80%), folate (87-74%) and calcium (86-82%). Conclusion: Usual dietary intakes were found to be relatively adequate in terms of their energy and protein contents. However, high prevalences of inadequate intakes were estimated, particularly for iron, zinc and calcium. Sponsorship: Supported by DAN-5116-A-00-8051-00 and HRN-A-00-97-00015-00, cooperative agreements between USAID/ OHN and The Johns Hopkins University.
Introduction
Micronutrient malnutrition or 'hidden hunger' is a reality for about one-third of the world's population, affecting their health and survival (Institute of Medicine, 1998) . Micronutrient deficiencies are likely to occur in combination with other deficiencies and illnesses, and typically affect the most economically disadvantaged strata of different populations. Pregnant women and children are especially at risk and vulnerable to the effects of these deficiencies (Institute of Medicine, 1998) . In Peru, vitamin and mineral deficiencies have been recognized as significant public health problems, based on biochemical, clinical and nutritional surveys (Mora & Mora 1998a, b) , yet data to describe the dietary patterns and intakes that result in these deficiencies are relatively lacking.
Interventions exist to reduce micronutrient malnutrition in populations including supplementation, food fortification, dietary diversification and parasite control (Institute of Medicine, 1998) . During pregnancy, supplements are recommended as the principal strategy to overcome micronutrient deficiencies (especially iron), whereas food fortification and dietary diversification can be the key to long-term preventive control of micronutrient deficiencies (Institute of Medicine, 1998) . To formulate recommendations for improving dietary intakes during pregnancy, information is first needed on nutrient intakes, food sources and dietary patterns.
From 1995 to 1997, we conducted a zinc supplementation trial among nearly 1300 pregnant women living in an impoverished shantytown in Lima, Peru (Caulfield et al, 1999a) . As part of this trial, we collected dietary information on a subsample of women at enrollment (10-24 weeks) and 28-30 weeks gestation. In this paper, we describe the usual nutrient intakes, food sources and dietary patterns of these women, and discuss the implications of these findings for public health interventions to reduce micronutrient malnutrition in this population.
Methods
Pregnant women were eligible for the supplementation trial if they were low-risk, carrying a singleton fetus, receiving prenatal care at Hospital Materno Infantil 'César Ló pez Silva', in Villa El Salvador, Lima Peru, and had lived in coastal Peru for at least 6 months before becoming pregnant. At enrollment, women were randomized within parity and week of gestation strata to receive daily supplements of 60 mg iron and 250 mg folic acid, with or without 15 mg zinc. The pregnancies were monitored at 28-30 and 37-38 weeks gestation, and information on the outcome of their pregnancies was collected at delivery. The study protocol was explained fully to women and signed consent was obtained. The study protocol was approved by institutional review boards at the Instituto de Investigació n Nutricional (IIN), Lima, Peru and at The Johns Hopkins School of Hygiene and Public Health, Baltimore, USA.
To describe the usual dietary intakes of women in the trial, we selected a subsample of women for interview using the 24-h recall method. Women were chosen from each of the randomization strata based on the frequency with which each stratum filled. Our intention was to conduct three dietary interviews on a subsample of 200 women; however, limitations in funding forced us to reduce this component of the study and in all we were able to interview 168 women at 10-24 weeks gestation, and 120 of these women at 28-30 weeks gestation.
A trained Peruvian nutritionist conducted the interviews, which included weekends and weekdays, using culturally appropriate visual aids such as photographs and food models to facilitate the recall process. The dietary data were coded with portion sizes in grams according to a Peruvian food composition database compiled by the IIN through biochemical analysis of Peruvian foods and mixed dishes (IIN, unpublished (USDA, 1998) . We found excellent agreement among the three databases on the nutrient content of shared food items. A Peruvian cookbook was also consulted (Nicolini, 1998) , and for some foods, data were imputed based on the nutrient composition of similar food items.
STATA Version 5.0 Statistical Package (Statacorp, 1997 ) was used to perform the statistical analyses. Owing to the skewness of the intake distributions, the intakes were described by the medians, 5th and 95th percentiles of the distributions. For statistical analyses, the distributions were transformed using a natural logarithm. To compare intakes between time points, a t-test was used.
The adequacy of nutrient intakes was evaluated by quantifying the prevalence of inadequate nutrient intakes using the probability approach (NRC, 1986) . The probability approach compares the observed population's nutrient intake distribution with the distribution of nutrient requirements. The requirement distributions are not published, but can be derived by assuming that nutrient requirements are normally distributed, that the coefficient of variation (CV ¼ mean/standard deviation) of each requirement distribution is known (in this case, we used CV ¼ 0.10), and that the recommended dietary allowance (RDA, 1989) published for each nutrient was set at the average requirement plus two standard deviations (NRC, 1986; Cid-Ruzafa et al, 1999) . To compute the prevalence of inadequate intakes, the placement of each intake value on the requirement distribution was determined, and the probability of inadequacy for that level of intake was calculated as the area under the requirement distribution curve to the right of that level of intake. By summing the individual probabilities and dividing by the number of individuals surveyed, the prevalence of inadequate intake is estimated; the variance is calculated following standard formulas for the variance of a proportion.
To relate the dietary pattern to nutrient intakes, we conducted two specific analyses. First, we examined the meal and snack patterns of these women and the contribution of these patterns to total nutrient intake. Second, we classified the individual food items consumed by women into one of 20 different food groups to examine the contribution of specific food groups to total nutrient intake. The food groups were: meat and poultry; fish and seafood; eggs; milk and dairy; fruits; vegetables (eg, tomatoes, lettuce, spinach and pumpkin); starchy vegetables (eg, potatoes, manioc, turnip); peas and beans; cereals/grains (eg, rice, corn, oats and quinoa); wheat products; sugars and sweets; nuts; alcohol-containing beverages, soft drinks, teas and infusions; fats (butter, margarine, lard and oils), seasonings; sauces; assorted mixed dishes (commercially prepared), miscellaneous. We considered wheat products separately from other grains because in 1999 the Peruvian government began fortifying wheat flour products with ferrous sulfate at the level of 30 mg/kg flour. Although this occurred after our study was completed, we wanted to examine specifically the pattern of consumption of wheat flour-based products that today would be fortified with iron.
Results

Population characteristics
On average, women who participated in the dietary substudy were 24.675.4 y of age, 151.375.1 cm tall, and of average body mass index (BMI; 24.273.6 kg/m 2 ). Almost one-half (45%) were having their first child, and they were enrolled in the study and first interviewed at 16.674.7 weeks gestation. The average birth weight of babies born to these women was 33277561 g. The women in the substudy were similar to those in the larger study cohort (Caulfield et al, 1999a) . There were also no striking differences between the women who did or did not contribute the second dietary interview, with the exception that women who were followed up at both time points were significantly older (25.2 vs 23.1 y; P ¼ 0.02) and had enrolled in the study earlier (15.3 vs 16.6 weeks gestation; P ¼ 0.02). There were no differences in body size or pregnancy outcome.
Usual dietary intakes
There were no differences in dietary intakes by treatment group (not shown), and the data were pooled for analyses. Median nutrient intakes and the 5th and 95th percentiles of intake are presented by weeks of gestation ( 
Estimated prevalence of inadequate nutrient intakes
The estimated prevalences of inadequate nutrient intakes are also presented in Table 1 . High prevalences of inadequacy were found for iron (93%), zinc (80-88%), calcium (82-86%), folate (74-87%), thiamin (65-78%) and vitamin A (46-66%).
Dietary patterns and food sources
During pregnancy, between 76 and 81% of women ate three meals per day, with 58-65% also consuming one or more snacks in the afternoon or evening. The most typical meal pattern reported by 42-46% of women at each time point consisted of breakfast, lunch and dinner, with an evening snack. At the first visit, nearly 8% of women reported skipping one or more meals (breakfast and/or dinner), but at the second visit, the proportion had dropped to o1%. 
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Typical food choices at each meal or snack are illustrated in Table 2 . The meal contributing the greatest amount of energy was lunch with median intakes of 3851 kJ (723 kcal), followed by breakfast and dinner each contributing about 2350 kJ (500 kcal). The mid-day meal was the main contributor to the dietary intakes of most micronutrients, for example, iron (4.9-5.4 mg), zinc (3.3-4.0 mg), vitamin A (149-192 RE), and folate (75-98 mg). This meal was also the main source of phytate (302-332 mg). Calcium was consumed in greatest amounts at breakfast (133-179 mg), whereas vitamin C was mainly consumed at lunch and at the evening snack, when taken (31-33 mg).
The food groups contributing the most to the absolute intakes of each nutrient are presented graphically in Figure 1 ; for most nutrients the top three foods groups are shown, but because the third and fourth contributor to intakes of iron and fiber were equivalent, four main contributors to intake are shown. We also investigated the per cent of recalls reporting consumption of each food group. The cereal/grain group was consumed by 98% of women and was the greatest contributor not only to the intakes of energy, iron and zinc, but also to the intakes of phytate. Wheat products were consumed by 97% of women and contributed to intakes of these same nutrients, as well as to intakes of protein and folate. Other contributors to folate intakes were fruit and peas and beans, which were reported consumed by 86 and 48% of women, respectively. Milk and dairy products were the greatest contributors to calcium intake and 66% of women reported consuming these products the day before. Milk also contributed to vitamin A intakes, but the major contributors to vitamin A intakes were the two vegetable groups, which were reported consumed by more than 90% of women. Fruits and vegetables were the major contributors to vitamin C intakes. Although fish and seafood contributed to the intakes of several nutrients, including protein and calcium, they were not widely consumed, with only 18% of women reporting their consumption on the day before their interview. Similarly, eggs contributed to zinc intakes, but only 33% women reported consuming eggs the day before their interview.
Discussion
The dietary intakes of these Peruvian pregnant women illustrate the reality of 'hidden hunger'Fhigh micronutrient deficiencies despite relatively adequate energy and macronutrient intakes. Women in the study had average energy intakes of about 8400 kJ/day at 10-24 weeks gestation and this increased by nearly 1500 kJ/day by 28-30 weeks gestation. Although we have no data on physical activity level, this pattern of energy intake appears to be adequate, given an average initial maternal BMI of 24 kg/m 2 and an average infant birth weight of B3300 g. However, using the probability approach, we have estimated prevalences of inadequate intakes of more than 50% for most micronutrients, with prevalences of inadequate intakes of iron, zinc and calcium of more than 80%. The increased energy intakes over pregnancy were accompanied by increased intakes of folate and vitamin A. Although it is difficult to directly attribute these increases to specific food items, the foods likely responsible are peas and beans for folate and vegetables for vitamin A. Further Figure 1 Principal contributors to nutrient intake of pregnant Peruvian women by food group.
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analyses indicate that the increases in intakes were attributable to the lunch and dinner meals rather than breakfast or snacks. Since the predominant dinner meal consisted of reheating the luncheon meal, it appears that increases in these foods in dishes prepared for the luncheon meal translated into the observed changes in folate and vitamin A intakes over the course of pregnancy. The concurrent increase in carbohydrate intakes is consistent with this interpretation. The dietary pattern is high in carbohydrates, marginal in protein and low in dietary fat. The contribution of plantbased products to the diet is illustrated in Table 3 , and although animal products and fats are present, the amounts consumed are relatively small. This pattern of intake is consistent with the results of a survey in a representative sample of pregnant women in metropolitan Lima conducted several years earlier (Zavaleta & Berlanga, 1996) . With respect to surveys conducted in other populations, Peruvian women reported higher energy intakes than those reported by women in other developing countries, but slightly lower than those reported by women in developed countries (Carboné et al, 1992; Brown et al, 1996; Flores et al, 1998; Gibson & Huddle, 1998) . Carbohydrate intakes were higher in Peru than in the other studies. Fat and protein intakes were similar to those in Mexico (Flores et al, 1998) , much higher than those in Malawi (Gibson & Huddle, 1998) , but lower than those in developed countries (Carboné et al, 1992; Brown et al, 1996) .
High prevalences of micronutrient inadequacy were estimated, particularly for the minerals: iron, zinc and calcium. Deficits in folate, thiamin and vitamin A were also identified, but dietary intakes were found to be relatively adequate in terms of niacin, riboflavin and vitamin C. Previously, we have shown that 35-50% of women have anemia during pregnancy, and that the serum zinc concentrations of women in this population are much lower than concentrations in pregnant women in other populations with higher intakes of zinc (Caulfield et al, 1999b; Zavaleta et al, 2000) . The intakes of zinc reported here are comparable to those reported for Mexican women; however, phytate intakes were two-fold greater in Mexico. Zinc intakes were also much lower and accompanied by higher fiber and phytate intakes in Malawi (Gibson & Huddle, 1998) . Dietary intakes of calcium were quite low, averaging 400-500 mg/day during pregnancy. We have shown that the breakfast meal contributed the most to calcium intakes, but it provided on an average 100-200 mg/day. Thus, although nearly twothirds of women recalled consuming milk and dairy products on the day prior to the interview, the quantities consumed were small. We do not know the proportion of women with lactose intolerance in this population, but promotion of intake of available milk-based products would be one avenue for increasing intakes of calcium (and other nutrients, including protein and vitamin A).
It is important to note that prevalences of inadequacy for mineral intakes are likely underestimated because they are based on a North American requirement distribution, which assumes a diet with moderate to high bioavailability of minerals. As shown, the greatest contributing food groups to iron and zinc intakes were generally of low bioavailability (cereals, wheat products, peas and beans). However, the phytate intakes were not particularly high, and the median phytate/zinc millimolar ratios of these women's diets (10-24 weeks, 8.3; 28-30 weeks, 8.6) were below the levels considered to adversely affect zinc bioavailability (415, Ferguson et al, 1989) .
As stated earlier, wheat flour-based products are now iron fortified in Peru. This may indeed be an important step in improving nutrition, because 97% of the dietary recalls identified wheat products as being consumed on the previous day.
Recent evidence suggests that the length of the fast overnight and into the next morning is associated with poor pregnancy outcomes (Siega-Riz et al, 2001 ). Thus, a dietary pattern of three meals plus one to two snacks, particularly with a bedtime snack may be advantageous. Our data suggest that about two-thirds of women follow a pattern of eating consistent with few long periods of inanition; although nearly 8% of women were skipping meals between 10 and 24 weeks gestation, less than 1% were doing at 28-30 weeks gestation. To our knowledge, there are few published studies describing the pattern of intakes of pregnant women in developing countries, and thus, we cannot comment on the generalizability of our findings. Further, because of study design and sample size limitations, we cannot relate variations in meal patterns in these women with pregnancy outcomes.
Several other limitations of the study should also be mentioned. The study was not designed to estimate prevalences of inadequate nutrient intakes in a representative sample of pregnant women, but rather to describe the dietary pattern of women participating in a micronutrient supplementation trial. Further, although we demonstrated a high degree of comparability between women in the substudy and those participating in the main study as well as between women contributing two vs one recall to the study, the results may be subjected to some degree of selection bias. Finally, we did not conduct replicate recalls at each time point (even on a subsample of women) to adjust the intake distributions for random error and obtain more precise estimates of the distributions of usual dietary intakes.
Despite these limitations, the results indicate that the population would likely benefit from public health interventions to improve overall dietary quality. Fortification of highly consumed foods such as sugar, wheat products and cereals with vitamins and minerals may contribute to the long-term prevention of micronutrient deficiencies. As a more immediate measure, these data demonstrate the potential value of providing multiple-vitamin/mineral supplements to women to ensure adequate micronutrient intakes during pregnancy. Further, they motivate the need for studies to determine the appropriate content and style of messages for dietary guidance to improve micronutrient intakes during pregnancy.
